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ABSTRACT 


DODI  4140.42  establishes  policy  for  the  determination 
of  initial  requirements  for  secondary  item  spare  and  repair 
parts.  DODI  4140.42  also  authorizes  alternative  models 
whose  objective  is  to  minimize  time-weighted  requisitions 
short.  The  Variable  Threshold  Rule,  an  alternative 
initial  stockage  model  developed  for  the  Navy,  has  been 
approved  as  an  acceptable  substitute  for  the  DOD  model. 

This  study  compares  the  performance  of  the  current 
UICP  risk  model,  which  meets  the  alternative  model  criteria, 
with  the  Variable  Threshold  Rule,  the  DODI  rules,  and  the 
current  stocking  criteria.  The  study  shows  that  the 
Variable  Threshold  and  the  UICP  policies  are  both  more 
cost-effective  than  the  DOD  model,  but  the  Variable  Threshold 
is  more  flexible  and  easier  to  implement. 
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EXECUTIVE  SUMMARY 

1.  Background.  In  DODI  4140.42  a specific  rule,  called 
the  COSDIF  Rule,  was  proposed  as  the  wholesale  stocking 
criterion  for  demand-based  items.  The  Navy  proposed  an 
alternative  range  rule  known  as  the  Variable  Threshold 
and  demonstrated  that  the  Variable  Threshold  Rule  achieved 
a significantly  higher  gross  availability  than  the  COSDIF 
Rule,  given  the  same  investment.  Several  follow-up 
studies  confirmed  these  findings  for  various  cogs  of  Navy 
material . 

Alternative  models  are  authorized  by  DODI  4140.42  if 
the  time-weighted  requisitions  short  are  minimized.  The 
current  UICP  risk  formula  was  derived  to  minimize  time- 
weighted  requisitions  short.  Therefore,  an  initial  stock- 
ing policy  based  on  the  current  UICP  risk  was  evaluated 
and  compared  to  the  previously  recommended  stocking 
models . 

2.  Objective.  To  compare  the  impact  of  the  various  pro- 
posed initial  stocking  policies  on  a random  sample  of  SPCC- 
managed  NSF  stock  list  items. 

3.  Approach.  A candidate  file  of  items  for  provisioning 
was  not  readily  available  for  evaluation.  A substitute 
file  was  developed  by  random  selection  from  previously 
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provisioned  items.  It  is  assumed  that  the  policy  which 
stocked  the  selected  items  is  comparable  to  current  policy. 
Further,  it  is  assumed  that  items  rejected  by  current 
policy  will  also  be  rejected  by  the  proposed  policies. 

For  these  purposes,  it  appears  that  the  current  criterion 
stocks  everything,  but  such  was  not  the  case.  Using  the 
basic  simulation  model  of  previous  studies,  four  stock 
range  rules  and  three  initial  depth  computations  were 
evaluated.  The  policies  included: 

a.  Stocking  every  item  in  the  sample  to  a depth  of 
one  year's  demand. 

b.  Stocking  items  which  meet  the  COSDIF  criterion 

to  a depth  of  lead  time  demand  plus  one  quarter's  demand. 

c.  Stocking  items  which  meet  the  Variable  Threshold 
criterion  to  a depth  of  lead  time  demand  plus  one  quarter's 
demand . 

d.  Stocking  items  which  have  a positive  reorder  point 
(based  on  the  current  UICP  risk  formula)  to  a depth  of 
lead  time  demand  plus  one  quarter's  demand. 

e.  Stocking  items  which  meet  the  Variable  Threshold 
criterion  to  a depth  equal  to  the  initial  reorder  point 
(based  on  the  current  UICP  risk  formula)  or  at  least  one 
unit. 

f.  Stocking  items  which  have  a positive  reorder  point 
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(based  on  the  current  UICP  risk  formula)  to  a depth  equal 
to  this  initial  reorder  point  or  at  least  one  unit. 

4.  Findings.  When  all  three  rules  use  the  fixed  initial 
depth  computation  of  lead  time  demand  plus  one  quarter's 
demand,  both  the  Variable  Threshold  and  the  UICP  Rules  for 
range  determination  are  more  cost-effective  than  the  COSDIF 
method.  Inventories  determined  by  either  the  Variable 
Threshold  or  the  UICP  Range  Rule  produce  very  similar 
results,  which  are  superior  to  those  produced  by  the  COSDIF 
stocking  policy,  given  the  same  initial  investment. 

Substituting  a variable  initial  depth  equal  to  the 
unconstrained  reorder  point  for  the  fixed  depth  of  lead 
time  demand  plus  one  quarter's  demand,  improves  both 
the  Variable  Threshold  and  UICP  Range  Rules.  The  fixed 
initial  levels  are  more  costly  and  less  effective  than 
the  variable  initial  levels.  The  most  cost-effective 
initial  depth  computation  consisted  of  variable  initial 
levels  equal  to  the  reorder  point  with  an  essentiality 
weighted  shortage  cost  (Ae)  of  $150  and  constrained  not  to 
exceed  two  year's  demand  forecast.  Evaluation  of  values 
for  AE  indicates  that  the  value  determined  in  Stratifica- 
tion appears  optimum  for  provisioning.  However,  the  value 
of  AE  will  vary  by  inventory  segment  (cog)  and  over  time. 

5.  Conditional  Probabilities.  A key  factor  in  the  COSDIF 
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Rule  is  probability  of  no  demand  in  two  years  given  a 
specific  demand  forecast.  The  DODI  4140.42  provided  an 
interim  table  and  instructions  for  individual  service 
determination  of  historical  conditional  probabilities.  The 
SPCC  provisioning  history  was  evaluated  and  the  results  are 
shown  in  APPENDIX  B.  The  Navy- based  table  indicates  a 
higher  degree  of  accuracy  of  forecasting  in  the  lower 
range  than  the  interim  table.  These  are  the  prime  values 
found  in  provisioning.  The  potential  exists  that  Navy 
provisioning  dollar  requirements  will  increase  under  the 
guidance  of  DODI  4140.42,  because  of  greater  Navy  accuracy 
in  demand  forecasting  and  larger  initial  depth  permitted 
under  COSDIF.  These  facts  are  discussed  in  greater  detail 
in  APPENDIX  B. 

6.  Summary.  Comparing  the  most  cost-effective  initial 
levels,  both  the  Variable  Threshold  and  the  UICP  Range 
Rules  determine  inventories  which  achieve  significantly 
higher  gross  effectiveness  for  less  investment  initially 
than  the  COSDIF  policy.  These  alternative  initial  stocking 
models  give  relative  preference  to  inexpensive,  high 
demand,  long  lead  time  items  and  provide  essentially  the 
same  gross  effectiveness  as  the  present  policy  while 
spending  less  initially.  Parameter  determination  and 
adjustment  are  much  easier  for  the  Variable  Threshold  Rule 
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than  for  the  UICP  policy;  therefore,  FMSO  recommends 
implementation  of  the  Variable  Threshold  Rule  for  range 
determination  at  SPCC  with  a constrained  variable  initial 
level  (reorder  point  with  stratification  shortage  cost) . 
Further,  that  the  conditional  probabilities  shown  in 
APPENDIX  B be  adopted  for  use  in  Navy  provisioning  require- 
ments determination. 
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I.  INTRODUCTION 

DODI  4140.42  establishes  policy  for  the  determination 
of  initial  requirements  for  secondary  item  spare  and 
repair  parts  (see  reference  1) . In  the  DOD  instruction 
a specific  rule,  called  the  COSDIF  Rule,  provides  criterion 
for  the  wholesale  stocking  of  demand-based  items.  Another 
stocking  model,  called  the  Variable  Threshold  Rule,  first 
used  in  reference  2,  is  a minor  modification  of  an  initial 
provisioning  model  developed  for  the  Navy  by  reference  3. 

In  references  4 through  7,  these  stocking  models  were  com- 
pared and  evaluated  for  various  cogs  of  Navy  material.  The 
Variable  Threshold  Rule  achieved  a significantly  higher 
gross  availability  than  the  COSDIF  Rule  for  the  same  inven- 
tory investment.  On  the  basis  of  the  results  of  reference  4, 

OSD  approved  the  Variable  Threshold  Rule  as  an  acceptable 
substitut  for  the  COSDIF  Rule,  with  the  proviso  that  the 
Variable  Threshold  Rule  not  exceed  the  COSDIF  Rule  invest- 
ment constraint  (see  references  8 and  9.) 

Since  DODI  4140.42  authorizes  alternative  models  whose 
objective  is  to  minimize  time-weighted  requisitions  short, 
reference  10  requested  FMSO  to  compare  the  long  range  impact 
of  a model  based  on  the  current  UICP  (Uniform  Inventory  Con- 
trol Program)  risk  formula  for  days  delay  developed  in  reference 
11  in  accordance  with  DODI  4140.39  (see  reference  12). 
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This  study  analyzes  the  impact  of  proposed  initial 
stocking  policies  on  SPCC  managed  NSF  (Navy  Stock  Fund) 
material  (i.e.,  1H  cog)  and  not  on  total  fleet  support. 

II.  TECHNICAL  APPROACH 

Using  the  basic  simulation  model  of  previous  studies 
and  a sample  of  NSF  material,  four  stock  range  rules  and 
three  initial  depth  computations  were  compared  and  con- 
trasted. FMSO  evaluated  the  following  policies: 

. stocking  every  item  in  the  sample  to  a depth  of 
one  year ' s demand 

stocking  items  which  meet  the  COSDIF  criteria 
to  a depth  of  lead  time  demand  plus  one  quarter's 
demand 

. stocking  items  which  meet  the  Variable  Threshold 
criteria  to  a depth  of  lead  time  demand  plus  one 
quarter's  demand 

. stocking  items  which  have  a positive  reorder 

point  (based  on  the  current  UICP  risk  formula)  to 
a depth  of  lead  time  demand  plus  one  quarter's 
demand 

. stocking  items  which  meet  the  Variable  Threshold 
criteria  to  a depth  equal  to  the  initial  reorder 
point  (based  on  the  current  UICP  risk  formula)  or 
at  least  one  unit 
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. stocking  items  which  have  a positive  reorder  point 
(based  on  the  current  UICP  risk  formula)  to  a depth 
equal  to  this  initial  reorder  point  or  at  least  one  unit. 
The  input  data,  simulation  model,  and  the  various  stocking 
policies  are  described  in  the  following  paragraphs. 

A.  INPUT  DATA.  The  10%  random  sample  of  1H  items  used  in 
references  4 and  6 was  combined  with  the  9%  sample  of  IN  items 
used  in  references  5 and  6 to  reflect  the  merger  of  SPCC  NSF 
cogs.  From  the  above  combined  samples,  a new  sample  (8338 
items)  was  drawn  and  used  as  the  input  data.  No  1A  items 
were  included  in  the  sample  which  is  deemed  to  have  small  im- 
pact on  the  study  results. 

Although  every  item  in  the  sample  is  presently  carried, 
the  distinction  between  items  stocked  on  the  basis  of  antici- 
pated demand  and  items  stocked  for  insurance  purposes  has  been 
lost.  Since  the  insurance  items  in  the  sample  cannot  be 
identified,  insurance  type  items  are  not  added  to  the  range  in 
any  alternative  stocking  policy,  but  are  included  in  the 
stock  every  item  policy. 

B.  SIMULATION  MODEL.  The  CONUS  Inventory  Simulator,  des- 
cribed in  reference  4,  replicates  the  inventory  management 
operations  for  SPCC-managed  consumable  material.  As  in  the 
previous  analyses,  the  simulator  was  updated  to  reflect  current 
management  policies.  For  example,  SPCC  recently  substituted 
the  Poisson  distribution  in  levels  computations  for  low  demand 
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items  rather  than  use  a fixed  stockage  objective  table. 

Because  of  changes  to  the  simulator  and  the  data  bases,  the 
results  of  this  study  are  not  strictly  comparable  to  previous 
studies . 

As  in  the  previous  analyses,  items  with  a zero  requisition 
forecast  are  not  carried  (except  in  the  rule  which  stocks  every 
item  in  the  sample)  and  items  with  a requisition  forecast 
greater  than  or  equal  to  12  are  automatically  stocked  in  a 
depth  of  at  least  one  unit.  Before  the  simulation  begins, 
the  alternative  stock  range  rules  determine  whether  to  carry  or 
not  carry  each  item.  The  range  of  stocked  items  remains  con- 
stant throughout  the  simulation;  items  do  not  migrate  into  or 
out  of  the  carried  inventory. 

Previous  studies  dealt  primarily  with  the  long  range  impact 
of  the  alternative  range  rules.  For  carried  items,  the  initial 
on-hand  was  defined  as  the  theoretical  average  on-hand:  the 
reorder  point  quantity  plus  one-half  the  order  quantity.  Dur- 
ing the  simulation,  the  model  considered  this  initial  on- 
hand  to  satisfy  the  demands  and  complied  with  the  UICP  rules 
to  replenish  stocks.  The  analyses  considered  the  first  two 
years  of  the  five  year  simulation  as  a transition  period 
and  evaluated  the  performance  of  the  different  range  rules 
during  the  final  three  years  — the  steady  state  conditions. 
Steady  state  effectiveness  statistics  were  then  compared  using 
the  steady  state  priced  out  on-hand  plus  due-in  ($  inventory 
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investment)  as  the  financial  basis. 

Besides  evaluating  the  long  range  consequences  of  the  newest 
proposed  stocking  policy,  the  present  study  attempts  to  quantify 
the  short  range  impact  of  each  alternative  stocking  policy. 

For  carried  items,  the  initial  on-hand  is  defined  as  the  ini- 
tial depth  corresponding  to  each  stocking  policy.  Since  the 
different  policies  stock  different  initial  quantities,  the 
effectiveness  statistics  at  the  end  of  the  first  year  reveal 
the  effects  of  differences  in  the  initial  depth  computation, 
as  well  as  differences  in  the  range  computation.  Also,  for  each 
stocking  policy  the  cost  of  this  initial  quantity  ($  initial 
provisioning)  became  the  financial  basis  for  policy  comparisons. 

C.  STOCKING  POLICIES. 

1.  Stock  All  Items.  Since  every  item  in  the  sample  has  met 
the  present  stocking  criteria,  this  rule  duplicates  the  present 
SPCC  policy.  Similar  to  the  present  SPCC  policy,  carried  items 
are  stocked  to  a depth  equal  to  one  year's  demand.  Reference  13 
contains  a detailed  description  of  the  SPCC  stockage  rules. 

2.  COS DIF  Rule.  The  COSDIF  equation  considers  costs  associa- 
ted with  stocking  and  not  stocking  a candidate  item.  If  the 
projected  cost  of  not  stocking  the  item  is  greater  than  the  pro- 
jected cost  of  stocking  the  item,  then  the  item  is  carried.  As 
directed  by  reference  1,  items  which  pass  the  COSDIF  are  stocked 
in  an  initial  depth  equal  to  lead  time  demand  plus  one  quarter's 
demand.  The  modified  COSDIF  equation  as  used  in  previous  analysis 
is: 
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COSDIF  - (F,/FD)[Cp  + 2 HU  (R+Q) ] 


♦ (1-F,/FD) [Cp(D/Q)  + HU  (S  + Q/2)  + Cz  FD] 
- (l-F,/FD)[KCpFD  + PDU  + FD  L max 

where 

F */Fd  • probability  of  zero  demand  in  coming  two 
y«*rs,  given  annual  frequency  of  demand 

Fd 

Cp  * ICP  cost  to  procure 

H ■ holding  cost  rate 

U = item  unit  price 

R * reorder  level 

Q = economic  order  quantity 

D - forecast  of  annual  demand 

S = safety  level 

Cj  * cost  to  issue 

Fd  = annual  frequency  of  demand 

K ” conversion  factor  to  adjust  procurement 
costs  for  non-stocked  items 
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P = increase  in  item  unit  price  (U)  due  to  spot  buy 
L “ procurement  lead  time  (in  days) 

A = shortage  cost 
E = item  essentiality 

3.  Variable  Threshold  Range  Rule  with  Fixed  Initial  Depth. 
The  Variable  Threshold  Range  Rule  calculates  the  probability  that 
one  or  more  demands  will  occur  during  lead  time  per  dollar  in- 
vested. There  is  a criterion  value  for  each  candidate  line  item. 
After  ranking  the  probabilities  from  highest  to  lowest,  the 
Variable  Threshold  Range  Rule  stocks  the  items  with  the  higher 
demand  probabilities.  To  reach  the  COSDIF  investment  goal,  items 
with  correspondingly  smaller  and  smaller  probabilities  of  demand 
are  added  to  the  range  of  carried  items  in  a methodical  and  sys- 
tematic manner.  The  Variable  Threshold  equation  is: 


c 


where 

P = probability  that  one  or  more  demands  will  occur  during 
a lead  time  per  dollar  invested 
D = forecast  of  quarterly  demand 
L = lead  time  (in  quarters) 
c = item  unit  price 
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e = Napier's  number 


Items  which  meet  the  Variable  Threshold  Range  criterion 
are  stocked  in  a fixed  initial  depth  equal  to  lead  time 
demand  plus  one  quarter's  demand. 

4.  UICP  Range  Rule  with  Fixed  Initial  Depth.  The  UICP 
Range  Rule  is  based  on  the  risk  equation  currently  used 
under  the  UICP  replenishment  rules.  The  risk  equation 
is: 


RISK 


SIC 

SIC  + AE 


where 

S = requisition  size  in  units 
I = annual  holding  cost 
C = item  unit  price 
X = shortage  cost 
E = item  essentiality 


After  selecting  a probability  distribution  to  represent 
demand  in  accordance  with  the  UICP  replenishment 
rules,  the  unconstrained  risk,  the  lead  time  demand,  and 
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the  variance  of  lead  time  demand  are  used  to  compute  the 
item's  reorder  point.  If  this  reorder  point  is  positive, 
then  the  item  is  carried  in  a fixed  initial  depth  equal 
to  lead  time  demand  plus  one  quarter's  demand. 

Changes  to  the  shortage  cost  parameter  produce  different 
risks  which  may  yield  different  reorder  points  and,  there- 
fore, may  increase  or  decrease  the  range  of  carried  items. 

To  meet  the  COSDIF  investment  goal  requires  a series  of 
computer  runs  to  determine  the  optimum  shortage  cost  which 
generates  the  specified  initial  investment.  Given  an 
initial  shortage  cost  which  determines  a range  of  items, 
the  fixed  initial  depth  has  to  be  priced  out  and  compared 
to  the  COSDIF' s.  If  the  initial  investment  is  less  than 
the  COSDIF 's,  then  the  shortage  cost  must  be  increased, 
the  reorder  points  recomputed,  the  fixed  depth  priced  out 
again,  and  the  initial  investment  recompared  to  the  COSDIF 's. 
The  reiterative  process  must  continue  until  the  initial 
investments  match. 

5 . Variable  Threshold  Range  With  Variable  Initial  Depth. 
The  Variable  Threshold  Range  Rule  explained  above  was  also 
used  with  a variable  initial  depth  equal  to  the  unconstrained 
reorder  point.  The  unconstrained  reorder  point  is  based  on 
the  current  UICP  risk  formula  and  calculated  as  previously 
explained  in  paragraph  II.C.4. 

This  stocking  policy  requires  the  manipulation  of  two 
distinct  parameters  to  determine  an  initial  investment 
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equal  to  the  COSDIPs.  The  more  difficult  method  of  matching 
the  COSDIF's  initial  investment  would  be  to  vary  both  the 
range  and  depth  parameters  simultaneously.  A simpler  approach 
would  be  to  hold  the  range  constant  and  vary  the  initial  depth 
(by  changing  the  shortage  cost)  or  to  select  a shortage  cost 
(and,  therefore,  the  initial  depth)  and  vary  the  range  until 
the  investment  goal  is  reached. 

6.  UICP  Range  Rule  with  Variable  Initial  Depth.  The 
UICP  Range  Rule  explained  above  was  also  used  with  an  initial 
depth  equal  to  the  same  positive  unconstrained  reorder  point 
which  qualified  the  item  for  stockage.  Thus,  this  policy 
uses  the  same  range  criteria  as  paragraph  II. C. 4 and  the  same 
initial  depth  as  paragraph  II. C. 5. 

Unlike  any  of  the  previous  policies,  this  policy  has 
only  one  parameter  which  determines  both  the  range  of  items 
carried  and  their  initial  depth  simultaneously.  However, 
similar  to  the  UICP  Range  Rule  with  fixed  initial  depth,  the 
determination  of  the  optimum  shortage  cost  which  generates  the 
same  initial  investment  as  the  COSDIF  consists  of  a series  of 
time  consuming  and,  therefore,  costly  computerized 
reiterations. 

Stock  depth  in  supply  terminology  refers  to  the  units 
of  stock  allocated  to  a line  item  at  a particular  echelon 
of  supply.  Net  effectiveness  is  a direct  measure  of  the 
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adequacy  of  3tock  depth.  Two  general  concepts  for  computing 
stock  depth  are  the  fixed  and  variable  level.  Under  the 
fixed  concept,  each  item  in  a segment  of  the  inventory  is 
allocated  an  equal  number  of  days/months  of  supply.  Months 
of  supply  are  based  on  the  current  forecast  of  demand  for  the 
individual  item.  Another  method  for  expressing  fixed  depth 
might  be  to  allocate  each  item  rtocks  equal  to  lead  time  demand. 
Demand  varies  by  item  as  does  lead  time,  but  the  product  of 
the  two  averages  gives  a fixed  protection  to  all  items  of 
approximately  50%.  This  assumes  use  of  the  normal  distribu- 
tion of  demand  and  minor  impact  due  to  rounding  of  numbers 
in  the  final  levels  determination.  The  variable  depth  com- 
putation considers  several  item  characteristics  for  each  item 
and  seeks  to  allocate  depth  to  the  various  items  to  provide 
the  greatest  overall  net  effectiveness.  Usually  the  predomi- 
nant characteristics  in  the  determination  are  demand  and 
unit  price  for  the  various  iteu.s.  Consider  two  items  with  like 
characteristics,  except  unit  price.  If  the  price  of  one  item 
is  SI  and  for  the  second  $100,  then  investment  in  several 
units  of  the  first  item  is  much  more  cost-effective  than  one 
unit  of  the  second  item.  Within  a given  funding  constraint, 
more  net  effectiveness  can  be  afforded  from  the  first  item. 


so  the  manager  is  motivated  under  the  variable  depth 
concept  to  stock  fast-moving,  inexpensive  items.  Unfortu- 
nately, military  essentiality  is  an  inoperative  factor  in 
most  segments  of  the  inventory  for  the  simple  reason  that 
relative  essentiality  has  not  been  established  among 
most  items  of  supply.  Variable  depth  is  a relatively  new 
concept,  it  has  not  been  fully  exploited  due  to  lack  of 
quantification  of  needed  variables.  It  has  been  used  to 
generate  higher  net  effectiveness  than  that  attainable  from 
fixed  levels  for  specific  inventory  situations. 

III.  FINDINGS 

The  study  findings  are  divided  into  five  separate  sections 
explained  in  detail  below.  The  first  section  presents  an 
overall  view  of  the  performance  of  each  of  the  six  stocking 


policies  described  above.  The  analysis  shows  that  regard- 
less of  the  initial  depth  computation,  inventories 
determined  by  the  Variable  Threshold  Range  Rule  or  the 
UICP  Range  Rule  produce  very  similar  results,  which  are 
superior  to  those  produced  by  the  COSDIF  stocking  policy, 
given  the  same  initial  investment.  The  second  section 
further  analyzes  initial  depth  calculations,  and  concludes 
that  fixed  initial  levels  (lead  time  demand  plus  one 
quarter's  demand)  are  more  costly  and  less  effective  than 
variable  initial  levels  (unconstrained  reorder  point) . The 
third  section  measures  the  sensitivity  of  the  shortage  cost 
in  the  variable  initial  depth  computations.  Increasing  the 
essentiality  weighted  shortage  cost  above  the  $150  last 
used  in  stratification  produces  significant  increases  in 
investment  and  no  significant  change  in  performance.  The 
fourth  section  examines  the  theoretical  and  practical 
aspects  of  constraining  the  initial  reorder  point.  The 
study  does  not  reveal  any  evidence  of  a superior  performance 
for  either  the  unconstrained  or  constrained  initial  reorder 
point.  However,  from  a theoretical  viewpoint  alone,  the 
constraint  on  the  initial  buy  is  a necessary  precaution.  The 
fifth  and  final  section  concludes  the  analysis  by  comparing 
the  present  policy  and  the  COSDIF  policy  with  both  the  Variable 
Threshold  and  UICP  Range  Rules,  with  variable  initial  depth 


constrained  to  be  no  greater  than  two  years  demand.  The 
limitations  and  flexibilities  of  the  Variable  Threshold 


and  UICP  Range  Rules  are  discussed. 

A.  POLICY  COMPARISON.  Table  I contains  the  results  of  the 
six  basic  policies  evaluated.  Comparing  the  COSDIF  Rule 
with  the  present  (stock  all)  rule,  COSDIF  reduces  the  range 
of  items  by  53.8%  and  inventory  investment  by  53.2%.  Steady 
state  gross  effectiveness  declines  by  more  than  10  percent- 
age points.  Total  buys  increase  almost  60%  with  the  greatest 
impact  in  spot  buys.  The  above  statistics  reveal  the  same 
trends  discovered  in  previous  analyses;  however,  the  reductions 
in  the  range  of  items,  gross  effectiveness,  and  inventory 
investment  are  much  more  moderate.  The  more  moderate 
reductions  are  a result  of  changing  two  parameters  in  the 
COSDIF  equation.  The  most  significant  change  was  the 
substitution  of  the  conditional  probabilities  given  in 
reference  1 for  those  derived  in  reference  *4  which 
were  used  in  all  previous  analyses.  At  the  time  of  this 
study,  preliminary  results  on  a concurrent  study  (see 
reference  15  ) indicated  that  the  conditional  probabilities 
originally  derived  for  the  Navy  were  overstated.  Using  a 
larger  sample,  the  initial  findings  indicated  that  the  Navy 
conditional  probabilities  would  be  much  closer  to  those  in 
DODI  4140.42  than  those  earlier  published  for  the  Navy. 

The  new  recommended  Navy  conditional  probabilities  have 
just  been  published  in  reference  15  , and  Appendix  B 
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indicates  their  impact.  The  substituted  conditional 
probabilities  of  zero  demand  in  the  next  two  years  are 
smaller  and  allow  more  items  to  be  carried  which  increases 
gross  effectiveness  and  inventory  investment.  Also,  the 
essentiality  weighted  shortage  cost  (AE)  used  in  the  COSDIF 
equation  was  raised  to  $150  to  reflect  the  current  strati- 
fication value.  Using  a larger  shortage  cost  than  previous 
studies,  makes  more  items  eligible  for  stockage  and, 
therefore,  could  increase  both  gross  effectiveness  and 
inventory  investment.  However,  based  on  the  sensitivity 
analysis  of  the  COSDIF  parameters  in  reference  4 , the 
COSDIF  stocking  policy  is  much  more  sensitive  to  changes  in 
the  conditional  probabilities  of  the  extent  employed  in  this 
study  than  to  $50  increases  in  the  value  of  AE. 

The  remaining  stock  range  policies  in  Table  I all  meet 
the  initial  investment  constraint  of  7.2M  dollars  estab- 
lished by  the  COSDIF  Rule.  Combining  either  the  Variable 
Threshold  Range  Rule  or  the  UICP  Rule  with  the  fixed 
initial  depth  computation  equivalent  to  the  COSDIF  (Columns 
3 and  4)  produces  almost  nine  percentage  points  higher 
steady  state  gross  effectiveness  than  the  COSDIF  for  about 
the  same  initial  provisioning  investment.  Both  stocking 
policies  expand  the  range  of  carried  items — the  Variable 
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Threshold  Range  Rule  stocks  86%  more  items  than  the  COSDIF 
while  the  UICP  Range  Rule  stocks  78%  more.  Under  either 
alternative  range  rule  with  fixed  initial  depth,  gross 
effectiveness  at  the  end  of  the  first  year  is  almost 
eight  percentage  points  higher  than  the  COSDIF' s and 
almost  the  same  as  the  current  policy.  Also,  total  buys 
decrease  approximately  33%  from  the  COSDIF  to  either  stock- 
ing Dolicy,  and  the  alternative  range  criteria  increase 
annual  buys  only  about  7%  when  compared  to  the  present 
policy. 

The  Variable  Threshold  Rule  was  rerun  using  the  same 
threshold  cutoff  as  before  and  a variable  initial  depth 
equal  to  a reorder  point,  with  the  value  of  XE  raised 
to  $350  so  that  the  stocking  policy  would  spend  all  the 
money  the  COSDIF  allows.  Thus,  both  Variable  Threshold 
Rules  spend  about  the  same  money  stocking  the  same  items 
in  different  initial  depths.  Similar  to  the  Variable 
Threshold  Range  Rule,  the  UICP  Range  Rule  was  rerun 
stocking  a variable  initial  depth  equal  to  the  reorder 
point,  with  the  value  of  XE  raised  to  $337.50  so  that 
the  stocking  policy  would  spend  the  entire  amount  authorized 
by  the  COSDIF  Rule.  Although  the  number  of  items  stocked 
under  this  UICP  Range  Rule  and  the  threshold  rule  coincide, 
the  items  stocked  under  these  rules  do  not  coincide. 

For  the  same  initial  provisioning  investment  authorized 
by  the  COSDIF,  either  alternative  range  rule  with  variable 
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initial  depth  produces  a superior  performance  not  only 
when  compared  to  the  COSDIF  but  also  when  compared  to  tne 
same  range  rule  with  fixed  initial  depth.  Both  alternative 
range  rules  with  variable  initial  depth  achieve  the  follow- 
ing results  when  compared  to  the  corresponding  range  rule 
with  fixed  initial  depth  (lead  time  demand  plus  one  quarter’s 
demand) : (1)  steady  state  gross  effectiveness  improves 

more  than  one  percentage  point;  (2)  gross  effectiveness  at 
the  end  of  the  first  year  improves  about  five  percentage 
points;  and  (3)  total  buys  decrease  about  9%  due  to  increased 
depth  of  inexpensive  items.  The  alternative  range  rules  with 
variable  initial  depth  improve  gross  effectiveness  at  the 
end  of  the  first  year  by  over  four  percentage  points  and  lower 
annual  buys  over  3%  when  compared  with  the  current  policy. 

In  summary,  given  the  same  initial  investment  constraint, 
both  the  Variable  Threshold  and  UICP  Range  Rules  are  equally 
more  cost-effective  than  the  COSDIF  when  each  stocks  a fixed 
initial  depth  of  lead  time  demand  plus  one  quarter's  demand. 

The  alternative  rules  improve  on  the  COSDIF 's  performance 
(end  of  first  year  gross  effectiveness  up  almost  eight 
percentage  points  and  steady  state  gross  effectiveness  up 
almost  nine  percentage  points)  while  almost  matching  the 
current  policy  (a  decrease  of  less  than  one  percentage 
point  at  end  of  first  year  gross  effectiveness  and  less 
than  two  percentage  points  in  steady  state  gross  effectiveness) . 


\ 
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Also,  both  alternative  range  rules  used  with  variable 


initial  depth  are  equally  more  cos^-ef fective  than  the 
COSDIF , given  the  same  initial  investment.  In  addition, 
the  alternative  range  rules  used  with  variable  initial 
depth  appear  more  cost-effective  than  the  same  rules  with 
fixed  initial  depth,  given  the  same  initial  investment. 

The  variable  depth  rules  are  further  analyzed  in  the 
following  section. 

B.  COMPARISON  OF  FIXED  VS  VARIABLE  INITIAL  DEPTHS.  In  the 
preceding  analysis  both  the  Variable  Threshold  and  the  UICP 
Range  Rules  produced  higher  effectiveness  for  the  same 
investment  when  variable  initial  depths  were  substituted 
for  the  fixed  initial  depth.  For  the  Variable  Threshold, 
the  range  of  items  carried  was  identical  under  either  depth 
computation;  therefore,  the  improvement  of  gross  effective- 
ness resulted  entirely  from  the  variable  initial  depth. 
However,  for  the  UICP  Rule  to  spend  the  authorized  amount, 
the  range  of  items  was  increased.  Thus,  the  increased 
performance  under  the  UICP  Range  Rule  with  variable  initial 
depth  may  be  caused  by  the  expanded  range  alone  or  in 
combination  with  the  variable  initial  depth. 

Table  II  compares  differences  in  the  performance  of 
inventories  caused  by  changing  only  the  initial  depth  and 
holding  the  range  of  items  constant  for  both  the  Variable 
Threshold  and  UICP  Range  Rules.  The  first  column  measures 


V 


the  performance  of  the  fixed  initial  depth  (lead  time 
plus  one  quarter's  demand)  for  the  range  of  items 
determined  by  the  UICP  Rule  using  the  same  shortage  cost 
used  in  the  last  stratification.  Column  two  shows,  for 
the  same  range  of  items,  the  effects  of  the  variable 
initial  depth  (based  on  the  same  unconstrained  reorder 
point,  XE  =$150,  which  qualified  the  item  for  stockage)  . 

The  UICP  Range  Rule  with  variable  initial  depth  reduces 
the  initial  investment  for  the  same  range  rule  with  fixed 
initial  depth  by  more  than  24%.  Yet  the  variable  initial 
depth  achieves  slightly  higher  steady  state  gross  effective- 
ness (less  than  one  percentage  point),  significantly  higher 
end  of  first  year  gross  effectiveness  (over  three  percentage 
points)  and  lower  annual  buys  (3.6%  decrease). 

Columns  three  and  four  reveal  the  effects  of  both  fixed 
and  variable  initial  depth  (XE  = $150)  computations  for  the 
same  range  of  items  determined  by  the  Variable  Threshold 
Rule.  The  range  shown  is  that  which  met  the  COSDIF  invest- 
ment goal  when  using  the  fixed  initial  depth  computation. 

For  the  given  range  of  items  determined  by  the  Variable 
Threshold  Rule,  the  variable  initial  depth  performs  better 
for  less  money.  These  results  are  similar  to  those  found 
in  the  analysis  of  the  UICP  Range  Rule.  Variable  initial 
depth  reduces  initial  investment  by  26%  while  improving 
gross  effectiveness  at  the  end  of  the  first  year  over  three 
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percentage  points,  maintaining  about  the  same  steady  state 
gross  effectiveness,  and  lowering  annual  buys  by  3.6%. 

Table  II  demonstrates  the  degree  to  which  fixed  initial 
levels  dissipate  provisioning  funds.  Neither  of  the  range 
rules  with  variable  initial  depth  spend  as  much  as  the 
identical  rule  with  fixed  initial  depth.  Yet  both  achieve 
slightly  higher  steady  state  gross  effectiveness,  signifi- 
cantly higher  end  of  first  year  gross  effectiveness  and 
lower  annual  buys. 

C.  SENSITIVITY  ANALYSIS  OF  THE  SHORTAGE  COST  PARAMETER  IN  THE 
VARIABLE  INITIAL  DEPTH  COMPUTATION.  The  variable  initial 
depth  computation  of  the  reorder  point  utilizes  (1)  unique 
item  defined  characteristics  (such  as  the  item  unit  price 
and  the  lead  time  demand)  and  (2)  a parameter  called  the 
shortage  cost.  Changing  the  shortage  cost  changes  the 
item's  risk  and,  therefore,  the  item's  reorder  point.  In 
the  UICP  Range  Rule  with  variable  initial  depth,  the  reorder 
point  determines  not  only  whether  the  item  is  carried  or  not 
but  also  the  initial  depth.  Table  III  measures  the  con- 
sequences of  varying  the  shortage  cost.  As  the  shortage 
cost  increases,  the  number  of  items  stocked,  gross  effective- 
ness for  end  of  first  year  and  steady  state,  and  investment 
for  initial  and  steady  state,  all  increase  at  a diminishing 
rate,  while  annual  buys  decrease  at  a similar  diminishing 
rate.  As  the  shortage  cost  increases,  the  most  drastic 
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increment  in  the  marginal  changes  of  the  above  statistics 
occur*  in  initial  investment.  Raising  the  value  of  XE 
from  $50  to  $150  increases  steady  state  gross  effective- 
ness almost  three  percentage  points  and  end  of  first  year 
gross  effectiveness  over  six  percentage  points  while 
raising  initial  investment  $1.9M  or  56% — the  largest  marginal 
change.  Further  increases  in  the  shortage  cost  (necessary 
to  spend  the  entire  amount  authorized  by  COSDIF) raise  the 
initial  depth  on  items  stocked  under  smaller  shortage  costs 
and  add  more  items  to  the  range  of  carried  items.  However, 
the  resulting  increase  in  performance  is  small  compared  to 
the  increase  in  initial  investment.  Raising  the  value  of 
from  $150  to  $250  produces  a 21%  increase  in  initial 
investment,  yet  the  increase  in  both  steady  state  gross 
effectiveness  and  end  of  first  year  gross  effectiveness  is 
less  than  two  percentage  points.  The  final  increase  in  the 
value  of  XE  from  $250  to  $337.50  achieves  less  than  one 
percentage  point  increase  in  both  steady  state  and  end  of 
first  year  gross  effectiveness  for  an  almost  12%  increase 
in  initial  investment. 

Table  IV  deals  with  the  sensitivity  of  the  shortage 
cost  in  the  variable  initial  depth  computation  for  a fixed 
range  of  items  determined  by  the  Variable  Threshold  criteria. 
The  results  are  similar  to  those  displayed  in  Table  III  for 
the  UICP  Range  Rule;  as  the  shortage  cost  increases  all  the 
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SENSITIVITY  OF  XE  IN  VARIABLE  INITIAL  DEPTH 
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performance  indices  improve  at  a diminishing  rate.  The 
greatest  marginal  changes  occur  in  initial  investment. 

Raising  the  value  of  IE  from  $150  to  $350  produces 
only  a one  percentage  point  increase  in  steady  state  gross 
effectiveness  and  a less  than  two  percentage  point  increase 
in  end  of  the  first  year  gross  effectiveness  while  increas- 
ing initial  investment  $1.7M  or  31.5%. 

A comparison  of  Table  IV  with  Table  III  reveals  not  only 
the  same  trends  for  changes  in  the  shortage  cost,  regardless 
of  the  alternative  range  criteria  involved,  but  also  shows 
a remarkable  similarity  in  the  effectiveness  statistics  for 
the  same  shortage  costs.  For  example,  regardless  of  the 
range  criteria,  for  the  $250  value  of  XE  both  policies 
achieve  approximately  93%  end  of  first  year  gross  effective- 
ness and  85%  steady  state  gross  effectiveness.  Given  the 
same  initial  depth  computation,  both  the  Variable  Threshold 
and  the  UICP  Range  Rules  produce  very  similar  results  for 
the  same  initial  investment. 

Tables  III  and  IV  demonstrate  that  increases  in  the 
value  of  XE  above  $150  (value  used  in  the  last  stratifi- 
cation process)  result  in  a negligible  increase  in  effective- 
ness. This  phenomenon  may  be  due  in  part  to  the  method  of 
evaluation  and/or  characteristics  of  the  sample  inventory. 
Nevertheless,  the  data  indicates  that  determination  of  a 
reasonable  essentiality  weighted  shortage  cost  may  well 
satisfy  the  future  requirements  of  OASD  without  repeated 


resort  to  a provisioning  dollar  ceiling  determination 
using  COSDIF. 

D.  EFFECTS  OF  A TWO  YEAR  DEMAND  CONSTRAINT  ON  THE  VARIABLE 
INITIAL  DEPTH.  Calculating  an  initial  reorder  point  with 
no  constraints  on  either  the  risk  or  the  reorder  point  may 
yield  a reorder  point  equal  to  several  year's  demand.  If 
the  actual  demand  occurs  at  a rate  less  than  initially 
estimated,  then  the  reorder  point  would  equal  many  more 
year's  demand  based  on  the  item's  true  demand.  To  minimize 
this  situation,  it  was  proposed  that  the  variable  initial 
depth  for  both  the  Variable  Threshold  and  the  UICP  Range 
Rules  be  constrained  not  to  exceed  two  year's  demand  fore- 
cast. 

Table  V measures  the  effects  of  the  constraint  for  the 
range  of  items  determined  by  the  two  different  stocking 
policies.  For  the  UICP  Rule  with  both  the  range  and 
initial  depth  based  on  a value  of  AE  of  $150,  columns 
one  and  two  compare  the  effects  of  an  initial  depth  quantity 
equal  to  (1)  the  unconstrained  reorder  point  and  (2)  the 
reorder  point  constrained  not  to  exceed  two  year's  demand 
forecast.  Because  the  same  range  of  items  experienced  the 
same  demand  patterns  and  were  replenished  under  the  same 
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EFFECTS  OF  REORDER  POINT  CONSTRAINT  (TWO  YRS 
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rules,  steady  state  inventory  investment  remains  constant. 

By  constraining  the  initial  reorder  point,  provisioning 
investment  declines  less  than  4%.  Also,  end  of  first  year 
gross  effectiveness  declines  less  than  one  percentage  point, 
steady  state  gross  effectiveness  declines  an  insignif icant 
amount,  and  annual  buys  increase  less  than  3%. 

Columns  three  and  four  compare  the  unconstrained  and 
constrained  variable  initial  depth  for  a range  of  items 
determined  by  the  Variable  Threshold  criteria.  Items  con- 
sidered passed  the  range  test  of  the  Variable  Threshold 
Rule  with  fixed  initial  levels  that  spent  the  amount 
authorized  by  the  COSDIF  Rule.  When  the  initial  depth  is 
constrained,  provisioning  investment  decreases  by  less  than 
4%  and  steady  state  inventorv  investment  remains  constant. 
Also,  end  of  the  first  year  gross  effectiveness  declines 
less  than  one  percentage  point,  steady  state  gross  effective- 
ness declines  an  insignificant  amount,  and  annual  buys  in- 
crease just  over  3%. 

Independent  of  the  range  determination,  constraining 
the  reorder  point  not  to  exceed  two  year’s  demand  forecast 
produces  an  insignificant  long  range  impact.  Both  steady 
state  inventory  investment  and  gross  effectiveness  remain 
constant,  while  annual  buys  increase  slightly  (3%).  The 
short  term  effects  are  more  pronounced.  End  of  first  year 
gross  effectiveness  declines  almost  one  percentage  point 


f 


and  initial  investment  decreases  4%.  Applying  the  savings 
realized  from  the  initial  depth  constraint  to  expand  the 
range  of  stocked  items  could  increase  end  of  first  year 
gross  effectiveness  and  decrease  ’nnual  buys  without  procuring 
years  of  material  based  on  an  estimated  demand  rate 

which  may  not  occur. 

It  is  noted  that  a high  correlation  exists  between  the 
demands  experienced  during  the  simulation  and  the  initially 
forecasted  demand  for  the  sample  data  due  to  the  technique 
for  generating  demands.  This  high  correlation  probably 
does  not  exist  at  the  time  of  provisoning.  If  the  provision- 
ing estimate  of  demand  is  overstated,  then  the  constraint 
would  have  an  even  smaller  impact  on  effectiveness  than 
Table  V reveals. 

E.  COMPARISON  OF  REVISED  POLICIES.  The  preceding  analyses 
found : 

. The  Variable  Threshold  and  the  UICP  range  criteria 
are  equally  more  cost-effective  than  the  COSDIF, 
independent  of  the  initial  depth.  By  manipulating 
the  parameters,  either  stocking  policy  could 
produce  an  inventory  whose  performance  would  match 
the  other's  for  any  given  investment  target. 

. Independent  of  the  range  criteria,  inventories 
determined  by  the  variable  initial  depth  computa- 
tion not  only  perform  better  than  those  based  on 
the  DODI  4140.42  fixed  initial  depths  but  also 
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out  perform  the  current  fixed  depth  policy. 
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. Raising  the  value  of  AE  in  the  variable 

initial  depth  computation  above  $150  for  this 
inventory  segment  gains  little  in  effective- 
ness while  increasing  the  initial  investment 
substantially. 

. If  an  item  experiences  demand  at  a rate  below  the 
initial  forecast,  then  the  initially  procured 
material  could  become  obsolete  or  excess.  To 
minimize  the  excesses  arising  from  overestimating 
the  demand  rate,  it  is  necessary  to  constrain  the 


initial  depth  not  to  exceed  some  upper  limit  such 
as  two  years  of  forecasted  demand. 

Using  these  modifications  to  the  initial  depth  computa- 
tion, the  UICP  Range  Rule  was  rerun.  The  first  three 
columns  of  Table  VI  contain  the  results  of  this  stocking 
policy  along  with  the  results  of  the  stock  every  item  and 
COSDIF  Rules.  The  constrained  UICP  stocking  policy  with 
$150  value  of  XE  stocked  over  74%  more  items  than  the 
COSDIF  while  reducing  the  initial  investment  by  more  than 


30%.  Steady  state  gross  effectiveness  improved  about 
eight  percentage  points,  end  of  first  year  gross  effective- 
ness improved  over  nine  percentage  points,  annual  buys 
decreased  more  than  31%,  yet  steady  state  inventory 
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investment  increased  less  than  5%.  Comparing  this  revised 
UICP  policy  with  the  current  practice  revealed  a 20% 
decline  in  the  number  of  items  carried.  Steady  state  gross 
effectiveness  declined  less  than  2.5  percentage  points,  end 
of  first  year  gross  effectiveness  improved  almost  one  per- 
centage point,  and  annual  buys  increased  by  slightly  more 
than  9%.  Both  investment  statistics  declined — initial  invest- 
ment by  over  38%  and  steady  state  inventory  investment  by 
more  than  51%. 

As  noted  earlier,  the  UICP  stocking  policy  with  a $150 
value  of  AE  spent  less  than  COSDIF.  To  spend  the  full 
amount  authorized  by  COSDIF,  the  value  of  AE  has  to  be 
raised  to  $437.50.  However,  a comparison  of  the  constrained 
UICP  stocking  policy  with  the  $437.50  value  for  AE  to  the 
UICP  policy  with  $150  value  for  AE  reveals  an  increase  in 
steady  state  gross  effectiveness  of  less  than  two  percentage 
points  while  increasing  the  initial  investment  over  30%. 

The  major  limitation  of  the  UICP  stocking  policy  is  the 
lack  of  flexibility  to  expand  either  the  range  or  depth 
while  holding  the  other  constant.  Under  the  UICP  stocking 
policy,  after  the  shortage  cost  is  determined,  both  the 
initial  depth  and  range  of  carried  items  are  fixed.  Th^ 
range  of  stocked  items  cannot  be  expanded  to  achieve  higher 
gross  effectiveness  without  also  increasing  the  depth  of 
items  previously  stocked.  However,  the  Variable  Threshold 
stocking  policy  does  offer  this  flexibility. 
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Under  the  Variable  Threshold  stocking  policy,  the  more 
cost-effective  constrained  variable  initial  depth  based 
on  $150  value  of  AE  can  be  used  for  all  items; 
independent  of  the  shortage  cost,  the  range  of  carried 
items  can  be  expanded  to  spend  the  amount  of  money 
authorized  with  a corresponding  improvement  in  gross 
effectiveness. 

Column  five  shows  the  Variable  Threshold  Range  Rule 
with  a constrained  reorder  point  based  on  a $150  value  of 
IE.  By  fixing  the  shortage  cost  and,  therefore,  the 
initial  depth,  this  Variable  Threshold  policy  attempts 
to  spend  the  amount  authorized  by  expanding  the  range  of 
items.  In  this  example,  the  range  includes  every  item  in 
the  sample  that  has  a positive  probability  of  demand  during 
lead  time.  Yet,  this  stocking  policy  fails  to  spend  the 
full  amount  authorized  by  the  COSDIF.  Since  the  range  of 
items  cannot  be  further  extended,  to  spend  the  remaining 
amount  requires  a higher  shortage  cost  and  greater  initial 
depth.  However,  previous  analysis  showed  that  higher 
shortage  costs,  while  spending  more  money,  gained  little 
in  effectiveness. 

The  revised  Variable  Threshold  stocking  policy  stocked 
almost  twice  as  many  items  as  the  COSDIF  Rule  for  16.7% 
less  in  initial  investment.  Steady  state  gross  effective- 
ness improved  more  than  nine  percentage  points,  end  of 
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first  year  gross  effectiveness  improved  almost  11  per- 
centage points,  annual  buys  decreased  almost  36%;  however, 
steady  state  inventory  investment  increased  over  30%.  Com- 
paring this  Variable  Threshold  policy  with  the  current 
policy  revealed  an  8%  decline  in  the  number  of  items 
carried.  Steady  state  gross  effectiveness  declined  just 
over  one  percentage  point,  end  of  first  year  gross  effective- 
ness improved  over  2.5  percentage  points,  and  annual  buys 
increased  by  slightly  more  than  2%.  Both  investment  statistics 
dropped  significantly — initial  investment  by  almost  28%  and 
steady  state  inventory  investment  by  almost  39%. 

A comparison  of  the  revised  Variable  Threshold  policy  to 
the  revised  UICP  policy  with  either  shortage  cost  indicates 
the  Variable  Threshold  policy  stocked  the  widest  range  of 
items.  Although  the  Variable  Threshold's  initial  invest- 
ment is  closer  to  the  $150  value  of  AE  UICP  policy,  the 
performance  is  remarkably  similar  to  the  better  performing 
UICP  policy  with  $437.50  value  for  AE. 

IV.  SUMMARY  AND  CONCLUSIONS 

Both  the  Variable  Threshold  and  the  UICP  Rules  for 
range  determination  are  more  cost-effective  than  the 
COSDIF  method  under  the  condition  that  all  three  rules 
use  the  fixed  initial  depth  computation  of  lead  time 
demand  plus  one  quarter's  demand.  Given  the  COSDIF 


investment  constraint,  both  alternative  stocking  poli- 
cies stock  a wider  range  of  items  (approximately  80%  more) 
and  improve  both  end  of  first  year  gross  effectiveness 
(about  eight  percentage  points)  and  steady  state  gross 
effectiveness  (almost  nine  percentage  points) . However, 
the  alternative  range  rules  attained  neither  the  end  of 
first  year  gross  effectiveness  (off  by  less  than  one 
percentage  point)  nor  the  steady  state  gross  effectiveness 
(off  by  less  than  two  percentage  points)  of  the  current 
policy. 

Substituting  a variable  initial  depth  equal  to  the 
unconstrained  reorder  point  for  the  fixed  depth  of  lead 
time  demand  plus  one  quarter's  demand,  improves  both  the 
Variable  Threshold  and  the  UICP  Range  Rules.  Given  the 
same  COSDIF  investment  constraint  cited  above,  these 
alternative  stocking  policies  improve  previous  performance 
in  end  of  first  year  gross  effectiveness  almost  five 
percentage  points  and  improve  steady  state  gross  effectiveness 
over  one  percentage  point.  These  alternative  stocking 
policies  actually  improve  on  the  current  policy  in  end  of 
first  year  gross  effectiveness  (over  four  percentage  points) 
while  equaling  steady  state  gross  effectiveness.  Clearly, 
the  variable  initial  depth  of  a reorder  point  is  more 
cost-effective  than  the  fixed  initial  depth  of  lead  time 
demand  plus  one  quarter's  demand. 
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Sensitivity  analyses  of  the  shortage  cost  parameter 
in  the  variable  initial  depth  show  that  as  the  shortage 
cost  increases — the  number  of  items  stocked,  gross 
effectiveness  (steady  state  and  end  of  first  year) , and 
investment  (initial  and  steady  state)  all  increase  at  a 
diminishing  rate  while  annual  buys  decrease  at  a similar 
diminishing  rate.  Consistent  with  the  law  of  diminishing 
marginal  returns,  raising  the  value  of  AE  above  $150 
provides  little  increase  in  effectiveness. 

Without  constraints  on  the  reorder  point,  the  reorder 
point  could  conceivably  equal  three,  four,  or  more  times 
the  item's  forecasted  annual  demand.  If  the  item 
experiences  demand  at  a rate  below  the  forecast,  then  the 
initially  provisioned  material  could  become  obsolete  before 
demanded.  Therefore,  the  variable  initial  depth  of  a 
reorder  point  was  constrained  not  to  exceed  two  year's 
forecasted  demand.  By  constraining  the  reorder  point,  the 
initial  investment  decreased  (4%)  with  a corresponding 
decline  of  about  one  percentage  point  in  end  of  first  year 
gross  effectiveness.  If  the  savings  in  initial  investment 
were  used  to  expand  the  range  of  stocked  items,  then  the 
slight  decline  in  end  of  first  year  gross  effectiveness 
could  be  lessened.  The  preceding  analysis  found: 
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. Independent  of  the  initial  depth,  either  alterna- 
tive range  rule  was  equally  more  cost-effective 
than  the  COSDIF.  By  manipulating  the  parameters, 
either  stocking  policy  could  produce  an  inventory 
whose  performance  would  almost  match  :he  other's 
for  any  given  investment  target. 

. The  most  cost-effective  initial  depth  computation 
consisted  of  (1)  variable  levels  equal  to  the 
reorder  point  with  a value  for  XE  of  $150,  and 
(2)  constrained  initial  levels  not  to  exceed  two 
year's  demand  forecast. 

When  modifying  the  UICP  policy  and  the  Variable  Threshold 
policy  to  include  the  most  cost-effective  initial  depth 
computation  described  above,  neither  of  these  revised  stock- 
ing policies  spend  as  much  as  the  COSDIF  when  all  three 
policies  use  the  same  $150  value  for  XE.  To  spend 
additional  money  under  the  UICP  stocking  policy  requires 
a higher  shortage  cost  . The  larger  shortage  cost  not 

only  expands  the  range  of  carried  items  but  also  increases 
the  initial  depth  on  items  which  would  have  been  stocked 
under  smaller  shortage  costs.  However,  previous  analyses 
have  shown  that,  although  higher  shortage  costs  increase 
the  initial  investment  substantially,  higher  shortage  costs 
gain  little  in  effectiveness.  The  Variable  Threshold  offers 
the  flexibility  to  expand  either  the  range  of  carried  items, 
the  initial  depth,  or  both.  The  range  of  carried  items  may 


be  held  constant  and  the  shortage  cost  raised  ; 
but,  similar  to  the  UICP  stocking  policy,  this  higher 
initial  depth,  while  costing  more,  would  not  gain  much  in 
effectiveness.  The  more  cost-effective  approach  to  improv- 
ing effectiveness  is  to  maintain  the  same  variable  initial 
depth  on  items  carried  and  add  new  items  to  the  range  of 
carried  items.  The  concept  of  fixing  the  shortage  cost 
and  increasing  the  range  of  carried  items  until  the  invest- 
ment target  is  reached  is  also  easier  to  implement  than 
varying  the  shortage  cost  under  the  UICP  stocking  policy 
until  reaching  the  investment  goal. 

V.  RECOMMENDATION 

FMSO  recommend^  for  implementation  at  SPCC,  the 
Variable  Threshold  for  range  determination  with  a constrained 
reorder  point  (using  the  stratification  shortage  cost)  as  the 
initial  depth  computation.  This  is  based  on  the  ease  of 
implementation  and  added  flexibility  when  compared  to  the 
UICP  policy  <md  the  superior  performance  when  compared  with 
the  COSDIF , given  the  same  investment  goal. 
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APPENDIX  B:  EVALUATION  OF  THE  RECOMMENDED  NAVY  CONDITIONAL 

PROBABILITIES 

Based  on  a larger  and  more  recent  data  base,  reference 
(15)  derived  new  conditional  probabilities  of  zero  demand 
in  the  next  two  years  (based  on  demand  forecasts)  for  use 
in  the  COSDIF  equation  as  required  by  reference  (1) . The 
recommended  conditional  probabilities  are  given  below. 

D 012  3-12 

F 0/D  .70  .59  .49  .32 

where 

D = annual  demand  forecast 

Fo/D  = probability  of  zero  demand  in  the  next  two 
years  given  the  annual  demand  forecast  D 

The  following  table  indicates  the  impact  of  the  recommended 
Navy  conditional  probabilities  in  the  COSDIF  equation  (Column 
three) . Replacing  the  DOD  conditional  probabilities  (Column  two) 
with  the  recommended  Navy's,  produces  a significant  improve- 
ment in  the  performance  indices  of  the  COSDIF  determined 
inventory.  However,  the  large  improvement  in  gross  effective- 
ne8s--six  percentage  points — is  not  gained  without  a correspond- 
ingly large  increase  in  initial  investment — 20%. 

Comparing  the  recommended  Navy  conditional  probabilities 
in  the  COSDIF  stocking  policy  with  the  current  policy  (Column 
one)  reveals  that  although  the  recommended  probabilities 
reduce  the  range  of  carried  items  by  more  than  31%,  this 


B-l 


smaller  range  requires  a larger  initial  investment  than 
the  current  policy.  The  higher  initial  cost  results 
from  the  larger  initial  depth  used  in  the  COSDIF  stocking 
policy.  The  COSDIF  stocking  policy  stocks  fixed  levels 
of  lead  time  demand  plus  one  quarter's  demand.  Presently 
the  average  lead  time  at  SPCC  for  NSF  material  is  approx- 
imately one  year.  Therefore,  the  COSDIF  stocking  policy 
stocks  an  average  of  five  quarters  of  demand  which  exceeds 
the  current  policy  of  stocking  four  quarters  demand.  It 
is  concluded  that  following  the  guidance  of  DODI  4140.42 
can  in  fact  expand  initial  provisioning  budget  requirements 
when  compared  to  current  SPCC  policies. 
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• DODI  4140.42  establishes  policy  for  the  determination 
of  initial  requirements  for  secondary  item  spare  and 
repair  parts.  DODI  4140.42  also  authorizes  alternative 
models  whose  objective  is  to  minimize  time-weighted 
requisitions  short.  The  Variable  Threshold  Rule,  an 
alternative  initial  stockage  model  developed  for  the 
Navy,  has  been  approved  as  an  acceptable  substitute  for 
the  DOD  model. 

This  study  compares  the  performance  of  the  current  UICP 
risk  model, (which  meets  the  alternative  model  criteria^ 
with  the  Variable  Threshold  Rule,  the  DODI  rules,  and 
the  current  stocking  criteria.  The  study  shows  that  the 
Variable  Threshold  and  the  UICP  policies  are  both  more 
cost-effective  than  the  DOD  model,  but  the  Variable 
Threshold  is  more  flexible  and  easier  to  implement. 
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